Abstract Baru is a native specie from the Brazilian ''cerrado'' with interesting nutritional and sensory characteristics. The aim of our study was to characterize baru nut flour (BF) and to explore the possibility of producing reduced-fat baru cupcakes. Four different cupcake formulations were produced wheat flour (WF) containing 30% BF with reductions of 50 (F1), 75 (F2) and 100% (F3) margarine, compared to a control with 100% WF and 100% margarine (FC). BF showed 2.76% moisture, 19.2% proteins, 40.8% lipids, 3.05% ash and 18.51% dietary fiber. The substitution of wheat flour with 30% BF increased the mixing tolerance index and resistance to extension in the rheological analyses; however, these changes did not greatly influence cupcake quality. Firmness was the parameter most affected during shelf life, with statistically significant differences between the formulations. The cupcakes prepared with the blend of 70% WF ? 30% BF and with fat reductions (F2 and F3) can be considered ''light'', with the reduction of more than 30% margarine and a significant reduction of trans fatty acids. In the sensory analysis, formulation F2 obtained good acceptance scores.
Introduction
Native plant species from the Brazilian ''cerrado'' (savanna), such as baru (Dipteryx alata Vog.), present nutritional potential and a strong sensory and economic appeal, constituting an interesting raw material for the formulation of new food products (Pineli et al. 2015b; Sousa et al. 2011b) . Baru is constituted by a thin, dark brown shell, containing a sweet and astringent pulp of the same color, which surrounds a single hard and edible nut, of white to cream color, involved by a dark brown pellicle (Lorenzi 2002) .
Due to its high lipid content, baru is considered a good energy source, as well as presenting other nutritional qualities like high protein (with good digestibility and adequate essential amino acid profile) and high fiber contents (Fernandes et al. 2010) . It also has a high content of minerals, especially calcium, iron, magnesium, potassium and zinc (Takemoto et al. 2001) . Studies carried out by Lemos et al. (2012) demonstrated that the baru nut has antioxidant capacity, with predominance of the phenolic compounds gallic, catechin, ferulic acid and epicatechin, which were detected even after roasting.
The roasted baru nut presents very agreeable sensory characteristics and can be used in the production of bakery Electronic supplementary material The online version of this article (doi:10.1007/s13197-017-2876-1) contains supplementary material, which is available to authorized users. products like gluten free cakes and cookies (Pineli et al. 2015a, b) . Cakes are greatly appreciated bakery products consumed by individuals of all ages worldwide (Karaoglu et al. 2008; Park et al. 2012) . From 2012 to 2016, sales of industrial cakes in the world increased 7%, with production values of 4171 thousand tons in 2012 and 4448 thousand tons in 2016 (ABIMAPI 2017) . Cupcakes can be included in the cake market and can be considered of excellent potential, as they can also be commercialized in individual portions.
Fat has an important function in the structure and sensory characteristics of cakes, and usually these products include high levels of this ingredient in their formulations. On the other hand, when fat is substituted or reduced, it can represent significant reductions in caloric value, but little aeration, fragile structure, moisture loss and poor heat transfer (Zambrano et al. 2005) .
Following the world trend that demands the development of healthier food products, the aim of this study was to produce reduced-fat baru cupcakes, as well as characterizing raw materials and final products, evaluating their behavior during shelf life. With this, we believe we will contribute: (1) economically, with an alternative use of a product from the Brazilian Cerrado; (2) nutritionally, with the obtainment of better nutritional quality cupcakes; and (3) sensorially, due to the sensory attributes of the novel raw material used.
Materials and methods

Material
Baru nut flour (peroxide value 1.55 ± 0.8 mEq/kg and acid value 0.31 ± 0.04%) was kindly donated by the ''Cooperativa Mista de Produtores Rurais de Poconé'' (MT, Brazil). Wheat flour (12.46% moisture, 9.50% proteins, 4.14% lipids, 73.15% total carbohydrates, of which 2.47% were dietary fiber and 70.68% were digestible carbohydrates, and 0.75% ash), margarine (80% lipids, melting point 32°C), whole eggs, milk, sugar, salt, vanilla flavor, baking powder (sodium bicarbonate and monocalcium phosphate) and calcium propionate were obtained in the local market.
Methods
Characterization of baru nut flour and its blend with wheat flour
The proximate composition of baru nut flour (BF) was determined using official AACC methods (AACC 2010), in triplicate. Moisture (AACC no. 44-15.02, 2010 ), protein (AACC no. 46-10.01, 2010 ), lipid (AACC no. 30-25.01, 2010 ), ash (AACC no. 08-01.01, 2010 , dietary fiber (AACC no. 32-05.01, 2010) , mineral (by atomic absorption, according to Horwitz (2005) and digestible carbohydrate (calculated by difference) contents were evaluated.
The fatty acid composition of the lipid fraction of baru nut flour was determined in duplicate using a CGC 6850 Series GC System gas cromatograph (Agilent, Santa Clara, California, USA), after esterification by the method proposed by Hartman and Lago (1973) . The fatty acid methyl esters were separated according to AOCS method noCe 2-66 (AOCS 2004) in a DB-23 Agilent (50% cyanopropylmethylpolisyloxane) capillary column, dimensions 60 m, Ø int: 0.25 mm, 0.25 lm film. Oven temperature: 110°C for 5 min, 110-215°C (5°C/min), 215°C for 24 min; detector temperature: 280°C; injector temperature: 250°C; carrier gas helium; split ratio 1:50; injected volume: 1.0 lL. The qualitative composition was determined by comparison of the retention times of the peaks with those of the respective fatty acid standards.
The color of the flour was evaluated through the CIELab system, using a Mini Scan Xecolorimeter (Hunter Lab, Reston, Virginia, USA). The analysis was carried out in triplicate and the operational parameters were: observer angle 10°, illuminant D65. L*, a* and b* parameters were obtained from measurements directly on the flour.
The wheat flour and the blend formulated with substitution of 30% of the wheat flour by BF were analyzed with respect to their rheological properties, in triplicate. Water absorption and mixing properties of the flour and of the blend were determined in a model 827505 Brabender farinograph, according to AACC method no. 54-21.01 (AACC 2010). The parameters obtained from the farinograph were: water absorption, dough development time, stability and mixing tolerance index. The extensographic properties of the flour and of the blend were determined through AACC method no. 54-10 (AACC 2010), using a model 860703 Brabender extensograph (Duisburg, Germany). The parameters obtained from the extensogram were: resistance to extension or elasticity, extensibility and energy. The Falling Number, indirect measurement of alpha-amylase activity, of wheat flour and of the blend was determined according to AACC method no. 56-81B (AACC 2010), in six replicates. The apparatus used was a Falling Number, model FN1800 (Perten Instruments, Huddinge, Sweden).
Cupcake production
Four different cupcake formulations were consisted of: a control (FC) and with 50% (F1), 75% (F2) and 100% (F3) reduction of margarine in relation to the control formulation. In F1, F2 and F3, 30% of the wheat flour was replaced by BF (this percentage was established in preliminary trials). The control formulation was based on that reported by Karaoglu et al. (2008) , being: 250 g wheat flour, 225 g sugar, 150 g milk, 120 g eggs, 130 g margarine, 3 g salt, 3.2 g vanilla essence, 0.625 g calcium propionate and 8 g baking powder.
The production process also followed that described by Karaoglu et al. (2008) . A single mixing bowl and a model K45SS Kitchen Aid (Greenville, USA) beater were used to prepare the batter. Initially, sugar and eggs were beaten during 2 min at speed 8 (scale from 1 to 10). After this, milk and margarine were added (in the formulation without margarine-F3-BF was added in this stage) and mixed during 2 min at speed 8. Lastly, the remaining ingredients were incorporated and mixed for 2 min and 30 s at speed 4.
Batter was then distributed in paper molds (dimensions: 40 mm diameter 9 30 mm height) and put in aluminum molds of the same dimensions, in 55 g portions, and baked in a model HPE80 convection oven (Prática Technipan, São Paulo, Brazil) at 175°C during 15 min. After baking, the cupcakes were removed from the aluminum molds and left at room temperature for 30 min until cool. They were then put individually in low density polyethylene packaging (16 9 23 9 0.15 mm) and stored in a model 347 CD BOD (FANEM, São Paulo, Brazil) (25 ± 1°C, 46% RH) for evaluation during shelf life.
Three process replicates were made for each formulation.
Batter evaluation
Batter density was determined, in triplicate, after the end of beating, as described in AACC method no. 10-15.01 (2010) . This measurement gives an idea of air incorporation and can be related to final product volume.
Cupcake evaluation
On the same day they were elaborated, the cupcakes were evaluated with respect to: (1) specific volume, according to AACC method no. 10-05.01 (in triplicate); (2) instrumental texture, measuring firmness (8 replicates), in a TA-XT2i plus Texture Analyser (Stable Micro Systems, Godalming, Surrey, England), following AACC method no. 74-09.01. A cylindrical P36R probe was used, and the measurement was performed in the crumb of the cakes without the crust (removed by a knife); (3) moisture content, determined according to AACC method no. 44-15.02 (in triplicate); (4) water activity (Aw) (in triplicate), for which the cupcakes were ground and the analysis was carried out using a model 4TE AquaLab equipment (Decagon, Pullman, Washington, USA), as proposed by Gutkoski et al. (2011) ; (5) instrumental color (6 replicates), evaluated through the tristimuli method of the CIELab system, using a model Mini Scan Xecolorimeter (Hunter Lab, Reston, Virginia, USA); (6) The symmetry, uniformity and volume indices (in triplicate) of the cupcakes were determined following AACC method no. 10-91.01 (2010) . Weight loss during baking was calculated, in triplicate. Moisture content, water activity and instrumental texture of cupcakes stored in the BOD (25 ± 1°C, 45% UR) were also evaluated on days 4, 7 and 10.
Lipid content of the cupcakes from the different treatments was calculated from the lipid content of the ingredients, determined in this study or obtained from the Brazilian Table of Food Composition (Unicamp 2011) , taking into account the weight loss during baking.
After these evaluations and a sensory evaluation by the group, the best cupcake formulation was chosen and its fatty acid composition, sensory acceptance and purchase intention were assessed, compared to the control formulation.
Fatty acid composition
The fatty acid composition of the cupcakes lipid fraction was determined in duplicate by gas chromatography, as described in ''Characterization of BF and its blend with wheat flour'' section.
Sensory analysis
Approval for the study was obtained from the Ethics Committee of the University of Campinas, and written consent was given by all volunteers.
Sensory analysis was carried out by 70 untrained panelists, who scored the acceptance of the control formulation (FC) and of the formulation with 75% reduction of margarine (F2). The attributes evaluated were: appearance, aroma, taste, texture and overall impression. The cupcakes were presented whole to evaluate appearance and in quarters for tasting, coded with random 3-digit numbers, on inert plastic plates. A 9-point hedonic structured scale was used to score acceptance (1 = ''disliked very much'' to 9 = ''liked very much''). Purchase intention was also evaluated using a 5-point scale (1 = ''would certainly not buy'' to 5 = ''would certainly buy'').
Statistical analysis
The results obtained in the characterization of wheat flour, BF and of the blend, and of the quality of the products elaborated, were submitted to Analysis of Variance (ANOVA) and to the Tukey test (p \ 0.05), for mean comparison, using the Statistica Ò 8.1 software (Statsoft, Tulsa, OK, USA).
Results and discussion
Characterization of baru nut flour and its blend with wheat flour Proximate composition of BF showed 2.76% moisture, 19.20% protein, 40.80% lipids, 34.19% total carbohydrates (18.51% dietary fiber and 15.68% digestible carbohydrates), and 3.05% ash (135 mg/100 g calcium, 444 mg/ 100 g phosphorous, 195 mg/100 g magnesium, 1051 mg/ 100 g potassium) on wet basis. According to these values, BF was rich in proteins, lipids, dietary fiber and minerals. Similar values were obtained by Guimarães et al. (2008) . The high fiber content can offer health benefits, helping to prevent various chronic diseases (Roberfroid et al. 2010) .
The values found for calcium, potassium, magnesium and phosphorous were close to those found by Takemoto et al. (2001) and Sousa et al. (2011a) , except that the latter found higher values for phosphorous. The difference may be explained by differences in soil or climate. According to the recommended dietary intake values of the World Health Organization (WHO), the ingestion of 100 g of baru nut flour would provide, for adults, 30% of potassium, 13.5% of calcium and 49% (for men) or 63% (for women) of magnesium (WHO 2009 (WHO , 2014 .
The fatty acid profile of BF lipids and of the margarine used can be seen in Online Resource 1. A lower proportion of saturated fatty acids in relation to unsaturated fatty acids in BF can be observed, with 22.44 and 77.40% saturated and unsaturated fatty acids, respectively. Similar results were found by Takemoto et al. (2001) for the fatty acid composition of baru nut lipids. The trans fatty acid content in the margarine was 2.09%, while in the oil extracted from BF they were not found. Various studies have indicated that dietary trans fatty acids have adverse effects on health, increasing the risk of the development of cardiovascular diseases (Willett 2006) . As for palmitic (C16:0) and miristic (C14:0) acids, it can be observed that BF lipids had lower amounts than the margarine used. The high unsaturated fatty acid content of BF presents itself as a good energy source, enabling its technological application for partial or total substitution of fat in bakery products. Also, BF has a lower content of saturated fatty acids and no trans fatty acids in its composition.
Regarding Hunter color parameters, wheat flour was lighter (L* = 95.21 ± 0.03) and less yellow (b* = 10.53 ± 0.07) and red (a* = 0.48 ± 0.02) than BF (p \ 0.05). BF is darker (L* = 43.45 ± 0.35) and with a greater tendency to yellow (b* = 25.06 ± 0.39) and red (a* = 10.00 ± 0.26), giving the visual impression of the color brown.
In Table 1 , the farinographic characteristics of wheat flour and of the blend of wheat flour and BF can be found.
It can be observed that the addition of BF reduced water absorption, stability and the mixing tolerance index (MTI) and increased dough development time (p \ 0.05). The increase in dough development time can be attributed to the presence of fibers, as already observed by Almeida et al. (2010) and Sudha et al. (2007) , because fibers retard hydration rates and gluten development. An increase in water absorption was not observed, possibly due to the high lipid content in BF. A considerable reduction in dough stability can also be observed, and considering that greater mixing stabilities indicate stronger doughs, it can be concluded that BF had a weakening effect.
The extensographic characteristics of wheat flour and of the blend of wheat flour and BF are presented in Table 1 . It can be seen that BF increased resistance of extension of the dough, which could have occurred due to the high fiber content (Sudha et al. 2007 ) and lipids in this flour. Resistance to extension was very close to maximum resistance, different to what occurred with wheat flour. Extensiblity decreased when adding BF, possibly due to the dilution of gluten proteins. It is also possible to observe that both for wheat flour and for the blend, resistance to extension increased with the increase of the resting period, and Ignácio et al. (2013) , this probably occurs due to the strengthening of the gluten network during this period, by favoring the formation of bonds and accommodation of the network formed. Falling Number value was 355 ± 6 s for wheat flour and 295 ± 8 s for the blend of wheat flour and BF, and these values were statistically different (p \0.05). BF blending significantly reduced the Falling Number of wheat flour. This result does not necessarily reflect the presence of the enzyme a-amylase reducing the Falling Number, as it can be due to a change in the viscosity of the mix due to the lower starch content and interference of other components of BF.
BF when mixed with wheat flour, added fiber and lipids, and diluted the gluten proteins that caused alterations in the rheological properties of the dough, which did not cause negative effect on the production of cakes, since this type of product required weak to medium strength flours.
Batter evaluation and loss on baking
In Table 2 , the values for batter density and loss on baking of cupcake formulations FC, F1, F2 and F3 are shown. It can be observed that removing margarine from the formulations increased batter density. According to Matsakidou et al. (2010) , this effect occurs due to a lower incorporation of air. Conforti (2006) also highlights the fact that an increase in batter density can be related to the lower capacity of oil (as that contained in BF) to retain air in comparison to margarine. Román et al. (2015) also observed an increased in batter density in cakes prepared with extruded wheat flour as a fat replacer. For loss on baking, caused mainly by the evaporation of water, there was no statistical difference among the formulations, with losses being between 8 and 9%.
Cupcake quality characteristics
Color parameters
As can be observed in Table 2 , the cupcakes formulated with 100% wheat flour were the lightest in color, as is evidenced by the value found for lightness (L* = 81.23 ± 0.61). The cupcakes formulated substituting 30% wheat flour by BF had significantly (p \ 0.05) lower L* values, indicating that they were darker. This was expected, considering that BF is darker than wheat flour. As for parameter a*, the products formulated with 30% BF were redder (higher a*) than the control. And for parameter b*, it can be noted that all formulations tended to yellow, with formulation FC presenting the highest b* (29.02), significantly different (p \ 0.05) to the others, that had b* values close to 22. It is possible that the lower lightness of the formulations with BF (F1, F2 and F3) impaired the visualization of the yellow color.
Symmetry, uniformity and volume indices and specific volume Figure 1 presents the transversal cuts of the cupcakes, showing their format and crumb characteristics. The symmetry, uniformity and volume indices of the cupcakes are presented in Table 2 . It can be observed, in Table 2 , that all formulations had a positive symmetry index (SI), therefore all of them had a higher center and maintained their structure. Gómez et al. (2012) reported that, in extreme cases, the symmetry index is negative, that is, the cake collapses in the center due to a lack of consistency during heating of the protein fraction. The volume index (VI) of the cupcakes increased with margarine reduction, which was different to what was expected, as fat usually helps to incorporate air and increase cake volume. Also, a relationship between the VI and specific volume can be observed, once the reduction in the margarine content of the cupcakes led to a moderate increase in IV and specific volume. This result was expected, as both parameters are related to the structural development of the batter. It can be observed that values very close to zero were obtained for the uniformity index (UI) of F1, F2 and F3. FC was the less uniform than the rest, as its UI was more distant to zero. Formulation F3 presented the highest specific volume. According to Gómez et al. (2012) , the specific volume of cakes depends of air incorporation during beating and its retention during baking, and this depends on batter viscosity and air cell distribution in the batter.
Cupcake evaluation during storage
Moisture content The results presented in Table 3 show that there was no statistical difference (p \ 0.05) between the moisture content of the control cupcakes and those produced wheat flour with 30% BF, even in the treatments with margarine reduction. It was also observed that the cupcakes did not lose moisture during the 10-day storage period. Cupcakes were packaged in low density polypropylene plastic bags, with low water vapor permeability, which must have favored water retention in the product. Some ingredients in the formulation also help retain water in the product, such as emulsifying agents based on fatty acids and egg yolks, amongst others. These emulsify liquids in the batter, increasing crumb moisture content in the final product (DesRochers et al. 2003) .
Water activity (Aw) In Table 3 , it can be noted that formulation F3, without margarine, had the lowest water activity, differing statistically from the remaining treatments on days 0 and 10, and from the control on days 4 and 7. When reducing margarine in the product, other ingredients had their relative values increased, as is the case of sugar. This fact could have led to the lower water activity of the cupcake with 100% margarine reduction. During storage, however, there was no significant variation in the water activity of the cupcakes.
Instrumental texture (firmness) It is known that margarine, due to its high lipid content, is very important for the texture of formulated products. Thus, greater firmness of the products formulated with margarine reduction was expected, that corroborated with the values obtained for formulations F1 and F2. However, it was verified that formulation F3 had a different behavior when compared to the other formulations with BF (F1 and F2), being similar to the control on days 0 and 4, as can be seen in Table 3 . This behavior shows the influence of margarine on product texture, even during the storage period.
Definition of the best formulation
As few differences were found for technological parameters of all formulations with fat reduction (F1, F2 and F3), we based our choice on the sensory evaluation made by the group, where we noted that F3 (with greatest fat reduction) had a drier mouthfeel, which could be undesirable. Therefore, we defined F2 as the best formulation, as F1 did not reach the ''reduced fat'' claim. From the calculation of the lipid content of the cupcakes (FC = 15.9%; F1 = 13.9%; F2 = 11.0%; F3 = 7.7%), F2 can be considered ''reduced in total fat'', when compared to the control, according to Brazilian Legislation (Brasil 2012), which stipulates a reduction of 25% fat.
Fatty acid profile In the fatty acid profiles of the fat extracted from cupcakes of formulations FC and F2 (Table 4) , it can be observed that there was a 38.6% reduction in trans fatty acids for formulation F2. With respect to saturated and unsaturated fatty acids, a reduction of 8% in saturated fatty acid content and an increase of 5% in unsaturated fatty acid content were observed. These results are important from a nutritional standpoint, as together with the 31% reduction in lipid content, there was a reduction in trans and saturated fatty acids in formulation F2. The reductions in trans and saturated fatty acids can be attributed to two factors: the reduction of total fat content due to the reduction of the amount of margarine in formulation F2 and the greater quantity of unsaturated fatty acids in BF.
Sensory acceptance and purchase intention The results obtained in the sensory acceptance and purchase intention tests, as can be observed in Table 5 , show a significant difference (p \ 0.05) in the acceptance of formulations FC and F2 only regarding the attribute appearance, with FC (8.3 ± 0.7) having a better score than F2 (7.34 ± 1.4), which shows that the panelists liked the lighter color better than the dark one caused by the addition of BF. There was no significant difference (p \ 0.05) in the acceptance of the cupcakes in relation to all the other attributes evaluated, with scores between 7.0 and 8.0, which represent a range from ''liked moderately'' (7) to ''liked very much'' (8), indicating good acceptance of the products. Both formulations (FC and F2) had good results for purchase intention, with most panelists indicating that they ''would certainly buy'' them. Some panelists made comments, mentioning that the cupcake with BF had a very agreeable and surprising flavor, similar to nuts and almonds, different to most traditional cakes found on the market. 
Conclusion
BF showed higher proteins, dietary fiber, minerals and lipids than wheat flour. The rheological properties of the blend of wheat flour with 30% BF were quite different from wheat flour. A reduction in water absorption, stability, mixing tolerance index and extensibility, and increase in dough development time and resistance to extension of wheat flour with blending of BF was observed. However, it was observed that even with these alterations, it was possible to produce cupcakes with good technological, nutritional and sensory properties. 
